Aim: Transcatheter arterial chemoembolization (TACE) is thought to be a safe and effective treatment for hepatocellular carcinoma (HCC). However, in some HCC patients, it potentially shortens survival due to liver damage. We aimed to identify independent factors to predict overall survival of HCC after TACE. Methods: We included a total of 96 consecutive HCC patients who underwent TACE at Kobe University Hospital. Areas of skeletal muscle and fat tissue were measured by computed tomography (CT) scan before TACE. We divided the patients into two groups in terms of the presence or absence of 1-year mortality after TACE. Factors associated with 1-year mortality after TACE were assessed by multivariate analyses, and the optimal cut-off values were evaluated using a propensity score. Results: Multivariate analyses showed that visceral fat accumulation on CT was an independent factor associated with 1-year mortality after TACE (p = 0.033). There were no differences in skeletal muscle area and subcutaneous and intermuscular fat area between the two groups. Cut-off values for visceral fat area associated with 1-year mortality after TACE were defined as 33.3 cm 2 /m 2 for males and 24.4 cm 2 /m 2 for females. Conclusions: High visceral fat area was a prognostic factor associated with increased mortality rate in HCC patients undergoing TACE. Using this value, 1-year mortality risk after TACE would be better estimated before the day TACE was performed.
Introduction
Transcatheter arterial chemoembolization (TACE) is the most widely used first-line treatment in the western world and Asia for patients with unresectable hepatocellular carcinoma (HCC). TACE displays a tumor-response rate of 30% -60% [1] - [3] and shows a survival benefit compared with that in controls [4] - [6] . However, TACE against HCC sometimes worsens liver parenchymal function. The deterioration of liver function due to ischemia of the non-tumoral liver following TACE can occasionally lead to the shortening of life expectancy [7] - [9] . Current guidelines for HCC management recommend mortality risk estimates as a decision-making support [10] .
Several staging systems before HCC treatment have been developed for mortality risk estimates. The best known systems are Child's score [11] , Model for End-stage Liver Disease (MELD) score [12] , and Tumor Node Metastasis (TNM) stage [13] . Moreover, previous studies showed that obesity influenced the prognosis of HCC [14] [15] . In addition, we previously reported that energy metabolism could be associated with overall survival in HCC patients after TACE [16] . Visceral fat is a metabolically active component, and is reported to be a prognostic marker of other tumors [17] . Visceral fat can be measured by computed tomography (CT) scan [18] , which is routinely used to screen for HCC lesions in cirrhotic patients, and provides precise, objective, and reproducible quantification of visceral fat mass.
In the present study, we aimed to identify independent factors to predict overall survival of HCC after TACE. The pre-therapeutic prediction of overall survival after TACE would help in improving awareness of the development of jaundice, as cites and encephalopathy. To our knowledge, there have been no studies that examine whether visceral fat determined by CT scan can become a new prognostic model after any HCC treatment.
Patients and Methods

Ethics Statement
All patients provided written consent to participate in the study, and the protocol was approved by the institutional ethics review board at Kobe University. This study complies with the standards of the Declaration of Helsinki and current ethical guidelines.
Patients
We included a total of 96 consecutive patients (mean age: 70.2 years, range: 41 -87 years; male: female ratio: 61:35) who underwent TACE for HCC between July 2009 and October 2010 at Kobe University Hospital. All patients were Japanese and had liver cirrhosis that had been diagnosed on the basis of laboratory data, ultrasonography, and CT scan. According to the modified Child's classification [11] , 52 patients were classified into Child's grade A and 44 were classified into grade B. The etiology of cirrhosis was as follows: hepatitis B in 12 patients, hepatitis C in 66, alcoholic liver dysfunction in 31, primary biliary cirrhosis in 2, autoimmune hepatitis in 1, non-alcoholic fatty liver disease (NAFLD) in 4, and unknown in 1, although each category overlaps with others ( Table 1 ). The diagnosis of HCC was based on findings obtained from contrast-enhanced X-ray CT scans. As cites was confirmed by ultrasonography and CT.
In Japan, a consensus-based clinical practice manual proposed by the Japan Society of Hepatology is widely used for the management of HCC [19] . Those who had 4 or more lesions, those who had 3 or fewer lesions and tumor of 3 cm or more in size, and those who had mild portal invasion without an extra-hepatic lesion were eligible for this study. In addition, those who did not consent to a liver resection, difficult cases in terms of undertaking radiofrequency ablation (RFA) and percutaneous ethanol injection (PEI), and those who were elderly, that is, over 80 years old, were also eligible. Those who had refractory as cites, overt encephalopathy, uncontrolled esophageal varices, severe jaundice, Child's grade C, portal vein trunk thrombosis, or poor performance status (PS) of more than 2 were excluded from the study. In addition, those who used intravenous albumin regu- larly, those who were given a branched-chain amino acid preparation, and those who had dialysis were also excluded. Liver function of these cases was limited to Child's grade A or B.
The follow-up time was defined as the number of months from TACE to last contact with the patient or death. All patients were periodically seen as outpatients at our hospital. The follow-up protocol included clinical assessment by physical examination and biochemistry every month and the use of ultrasonography or contrast-enhanced CT scan every 3 months. In our study, TACE-related mortality was defined as death from a complication within 2 weeks of each session of TACE.
Clinical Evaluation
The clinical evaluation before treatment was performed on the basis of the results of physical examination and laboratory measurements. All patients were analyzed by the Child's score, MELD score, and TNM stage. The duration (days) of febrile episodes (over 37˚C) after TACE was recorded, and the therapeutic volume (cm 3 ) in TACE was evaluated by observing Lipiodol deposits on a liver CT scan following TACE. Past TACE treatment frequency (number of times) and other treatments (surgical resection, RFA, and PEI) were also documented. Laboratory measurements including prothrombin time, aspartate aminotransferase, alanine aminotransferase, γ-glutamyltranspeptidase, total bilirubin, cholinesterase, albumin (Alb), prealbumin (preAlb), the branched-chain amino acid/tyrosine ratio, C-reactive protein (CRP), creatinine, fasting plasma glucose, immunoreactive insulin, homeostasis model assessment of insulin resistance, hemoglobin A1c (HbA1c), the indocyanine green dye clearance test (ICG test) retention rate at 15 min, type 4 collagen 7S, hyaluronic acid, alpha fetoprotein (AFP), and des-γ-carboxy prothrombin (DCP) were assessed before TACE.
Protocol for TACE
TACE for HCC was performed by catheterization via the femoral artery under local anesthesia, with super-selective catheterization of the hepatic artery feeding the tumor, unless bilobar tumors were involved, in which case chemoembolization was performed in the appropriate hepatic artery. Depending on the tumor size, various amounts of an emulsion of 20 mg of Farmorubicin (epirubicin hydrochloride; Pfizer, USA) and 3 ml of Lipiodol (the iodine addition products of the ethyl esters of fatty acids obtained from poppy seed oil; Mitsui, Japan) at a 1:1 volume ratio were injected under fluoroscopic monitoring. This was followed by embolization with gelatin (Gelpart; Yamanouchi, Japan). Following TACE, a liver CT scan was performed to calculate the therapeutic volume from the distribution of Lipiodol deposits.
CT Analyses of Body Composition Variables
CT scans used for analyses were performed solely for the purpose of diagnosing and staging HCC. A transverse CT image from L3 in the inferior direction was assessed from each scan. Images were analyzed with Slice Omantic V5.0 software (Tomo Vision, Montreal, Quebec, Canada), which enables specific tissue demarcation by using previously reported Hounsfield unit (HU) thresholds. Skeletal muscle is identified and qualified by HU thresholds of −29 to +150 [20] . Muscles in the L3 region encompass psoas, erector, spinae, quadratus lumborum, transversus abdominis, external and internal obliques, and rectus abdominis. The following HU thresholds were used for fat tissues: −190 to −30 for subcutaneous and intermuscular fat tissues [21] , and −150 to −50 for visceral fat tissues [22] . With these specific HU thresholds, measurements of the skeletal muscle are not influenced by the presence of ascites in patients with cirrhosis. Cross-sectional areas (cm 2 ) were automatically computed by summing tissue pixels and multiplying by pixel surface area. All CT images were analyzed by two trained observers. Cross-sectional area of muscle and fat tissue was normalized for stature (cm 2 /m 2 ), as reported elsewhere [23] . The L3 skeletal muscle was expressed as cross-sectional muscle area/height, and cut-offs for sarcopenia were based on a CT-based sarcopenic study (L3 skeletal muscle area/ height, ≤38.5 cm 2 /m 2 for females and ≤52.4 cm 2 /m 2 for males) [24] [25].
Statistical Analysis
Statistical analyses were conducted using SPSS Statistics 18.0 (SPSS Inc., Chicago, IL, USA). Univariate analyses of demographic factors were performed to investigate the difference between two groups. Multivariate analyses were constructed using backward stepwise logistic regression. The predictive ability of the model was quantified using each significant multivariate factor and 1-year mortality (area under ROC, AUC). An optimal cut-off point was a propensity score on the maximal sum of sensitivity and specificity. The relationship between two variables was investigated by Spearman's correlation coefficient test. Log-rank test was performed to compare the survival distributions. Values of p < 0.05 were considered significant.
Results
Factor Analyses Associated with 1-Year Mortality after TACE
One-year mortality after TACE was found in 32 patients out of 96 (1-year mortality group), and 1-year survival was detected in 64 patients (1-year survival group). Table 2 shows the results of univariate analyses comparing several factors before TACE between the two groups. Body mass index (BMI), Child's score, TNM stage, past treatment frequency of TACE, visceral fat area, CRP, ICG test retention rate at 15 min, AFP, and DCP were significantly higher in the 1-year mortality group than in the survival group (p = 0.002, 0.009, 0.001, 0.000, 0.016, 0.023, 0.005, 0.004, and 0.000, respectively). Alb and preAlb were significantly lower in the 1-year mortality group than in the survival group (p = 0.016 and 0.044, respectively). Skeletal muscle area and subcutaneous and intermuscular fat area showed no significant differences between the two groups (p = 0.051 and 0.105, respectively). Table 3 shows the results of univariate analyses comparing several factors after TACE between the two groups. Therapeutic volume and febrile duration were significantly higher in the 1-year mortality group than in the survival group (p = 0.001 and 0.000, respectively). We found a significant positive correlation between visceral fat area and BMI (p = 0.000, r = 0.423) ( Figure  1) . Multicollinearity was also detected between Alb and preAlb, so BMI and preAlb were not introduced into the multivariate logistic regression analyses. The 9 significant univariate factors other than them were introduced into a multivariable logistic model. Backward stepwise multivariate regression analyses showed that visceral fat, ICG test retention rate at 15 min, DCP, and past treatment frequency of TACE were independent factors associated with 1-year mortality after TACE (p = 0.033, 0.001, 0.009, and 0.007, respectively) ( Table 4) .
Evaluation of Cut-Off Values of Visceral Fat Area
The median visceral fat area of all patients was 34. 
Factor Analyses Associated with Visceral Fat Area
H-VFA was found in 58 out of 96 patients (H-VFA group), and L-VFA was detected in 38 patients (L-VFA group). Table 5 shows the results of univariate analyses comparing several factors before TACE between the two groups. Body weight, BMI, TNM stage, subcutaneous and intermuscular fat area, and HbA1c were significantly higher in the H-VFA group than in the L-VFA group (p = 0.003, 0.000, 0.003, 0.001, and 0.017, respectively). T-Bil was significantly lower in the H-VFA group than in the L-VFA group (p = 0.044). Skeletal muscle area and presence or absence of sarcopenia did not differ between the two groups (p = 0.232 and 0.904, respectively). Table 6 shows the results of univariate analyses comparing several factors after TACE between the two groups. One-year mortality after TACE was significantly higher in the H-VFA group than in the L-VFA group (p = 0.003).Before the analyses, this study showed that visceral fat area had significantly positive relationships to BMI and 1-year mortality after TACE. Multicollinearity was also detected between body weight and BMI, so they were not introduced into the multivariate logistic regression analyses. The 4 significant univariate factors other than them were introduced into a multivariable logistic model. Backward stepwise multivariate regression analyses showed that TNM stage, subcutaneous and intermuscular fat area, and HbA1c were independent factors associated with visceral fat area (p = 0.007, 0.001, and 0.028, respectively) ( Table 7) .
Follow-Up
All of the 96 patients were completely followed up. During the follow-up, 56 patients died, whereas 40 patients were alive at the end of the study. Out of the 56 dead patients, 36 patients died of liver failure and the other 20 patients died of HCC progression. TACE-and/or sepsis-related mortality was not observed in this study. The median follow-up period was 24 months (2 -41 months). The median survival time was 27.0 months (95% CI 16.146 -31.854). The overall survival rates were 66.7% and 49.0% at 12 and 24 months, respectively. Using the Kaplan-Meier method, the distribution of the 96 patients between H-VFA and L-VFA associated with 1-year mortality after TACE is described in Figure 3 . Overall survival was significantly shorter in the H-VFA group than in the L-VFA group (p = 0.017).
Discussion
Coinciding with the rising incidence of HCC, the prevalence of obesity has increased rapidly over the past two Overall survival according to visceral fat area in 96 patients with HCC after TACE. All of the 96 patients were completely followed up. During follow-up, 56 patients died, whereas 40 patients were alive at the end of the study. TACE-related mortality was not observed in this study. The median follow-up period was 24 months (2 -41 months). The median survival time was 27.0 months (95% CI 16.146 -31.854). The overall survival rates were 66.7% and 49.0% at 12 and 24 months, respectively. Overall survival was significantly shorter in the high-VFA (H-VFA) group than in the low-VFA (L-VFA) group (p = 0.017). The H-VFA group is designated by a dotted line and the L-VFA group by a solid line. B: regression coefficient; CI: confidence interval; Exp (B): odds ratio; SE: standard error. Before the analyses, this study showed that visceral fat area had significantly positive relationships to BMI and 1-year mortality after TACE. Multicollinearity was also detected between body weight and BMI, so they were not introduced into the multivariate logistic regression analyses.
decades [14] [27]- [31] . Obesity is now recognized as one of the most challenging public health issues worldwide. Calle et al. reported that obesity was related to increased mortality from HCC [14] . To elucidate the impact of the type of obesity further, we measured both visceral fat tissue and subcutaneous and intermuscular fat tissue. Our study showed that high visceral fat tissue, but not subcutaneous and intermuscular fat tissue, was an independent factor associated with 1-year mortality of HCC patients after TACE. Moreover, our study showed that the HCC patients with H-VFA had significantly worse overall survival after TACE than those with L-VFA. It Time since TACE (months) L-VFA group H-VFA group was considered that visceral fat tissue is the metabolically active component, whereas subcutaneous and intermuscular fat tissue is the inactive component [17] . Our findings suggest that the distribution of fat tissue is a major determinant of the prognosis of HCC patients after TACE. The extent of visceral fat has been reported to differ between males and females [32] . Indeed, in the present study, visceral fat area differed between males (median, 97.2 cm 2 ) and females (median, 62.6 cm 2 ) (p = 0.001). Therefore, the optimal cut-off values for visceral fat area were analyzed in males and females separately. These values of our study were lower than those of the previous studies for metabolic syndrome in the Japanese population [33] . This might be due to the fact that our study sample was biased towards older patients, although the previous study sample was limited to middle-aged patients. Indeed, Hayashi et al. have reported that the visceral fat area differed by generation [34] . Moreover, the NAFLD patients in our study numbered only 4 (4.2%) out of 96 patients.
Visceral fat tissue is no longer classified as an inert site solely for energy homeostasis. In fact, it is now characterized as the largest multifunctional endocrine organ that participates in the regulation of hormonal balance of the body in patients with not only NAFLD, but also viral cirrhosis [35] - [37] . Our study showed that high visceral fat was associated with poor HbA1c. Previous studies showed that visceral fat has been reported to be associated with negative effects against glucose metabolism [38] . Visceral fat tissue controls the function of the pancreas by secreting adipokines [39] . The disturbance of adipokine balance by excessive visceral fat tissue could play a role in worsening glucose metabolism. Our study also showed that high visceral fat was associated with the TNM stage of HCC. A situation of worse glucose metabolism promotes cellular growth and increases free insulin-like growth factor levels, which plays an important role in tumor growth and differentiation [40] [41] . Visceral fat accumulation may be involved in both tumor initiation and promotion or progression steps through these mechanisms.
In our study, sarcopenia as defined previously [24] [25] was not associated with 1-year mortality and overall survival after TACE. In general, sarcopenia associated with mortality has progressive functional impairment, mainly Child's grade C. For example, these patients were waiting for liver transplantation [42] [43] . In our study, all of the HCC patients retained their liver function, namely, Child's grade A and B, not grade C. Sarcopenia associated with mortality has also been related to low quality of life (QOL) [44] . In our study, all patients had PS 0 or 1 and retained good QOL. Moreover, sarcopenia associated with mortality was reported to increase the risk of sepsis-related death in cirrhotic patients, suggesting impaired immunity [45] . In our study, liver failure and HCC progression after TACE, but not sepsis, were the causes of death in all of the patients. Therefore, it is considered that sarcopenia would not be necessarily related to mortality in cirrhotic patients.
Many hepatologists have needed new prognostic models after HCC treatment [46] . We considered that the prognosis of patients after TACE would be better evaluated by visceral fat area. Using the value of visceral fat area, patients who have a potentially high risk of 1-year mortality after TACE could be detected. This value is not available for the selection of HCC patients for whom TACE would not be recommended. However, for early detection and prevention of 1-year mortality risk after TACE, this value is available. To prevent 1-year mortality risk after TACE, nutritional support is thought to be necessary in cirrhotic patients with advanced HCC undergoing TACE. L-carnitine is an essential cofactor in the transport of long-chain fatty acids, such as acylcarnitine esters, across the inner mitochondrial membrane for subsequent fat degradation [47] . Previous studies have shown that visceral steatosis was found in the loss of L-carnitine transport activity [48] . In addition, the administration of L-carnitine reduced the accumulation of visceral fat mass [49] . Nutritional supplementation with oral L-carnitine might be beneficial in reducing visceral fat, and in improving the mortality rate in HCC patients undergoing TACE. Our predictive model was established by the value of visceral fat area without a secondary effect by L-carnitine supplementation. Therefore, using the value of visceral fat area, appropriate nutritional support could be administered to HCC patients undergoing TACE while avoiding the provision of unnecessary nutritional support to patients with a low risk of 1-year mortality after TACE.
Our study has several limitations. First, it is a single institutional study with a relatively small sample size of HCC patients undergoing TACE. Second, the study is observational, so we could not infer causality between visceral fat accumulation and mortality. Third, the cut-off value of visceral fat area might differ in patients with liver disease. Finally, we have not yet validated predictive factors associated with 1-year mortality after TACE. At present, we are recruiting a different cohort to validate its ability, which we will report on in the near future.
Conclusion
In conclusion, our study showed that H-VFA was a prognostic factor associated with survival in HCC patients undergoing TACE. Using the value of visceral fat area, 1-year mortality risk after TACE would be better estimated before the day TACE was performed.
